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Votivation

e Scientific and public (mis-)conceptions of
Greenland Ice Sheet (GrlS) melt effects on AMOC

* Previous assessments (e.g. IPCC) use model
projections without GrlS melting

* Goals: Include GrlS melting in the most realistic
way possible and produce multi-centennial,
orobabilistic AMOC projections
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Ice melt, sea level rise and superstorms: evidence [rom paleoclimate

data, climate modeling, and modern observations that 2 °C global
warming could be dangerous
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(a) Freshwater melt flux (b} Resulting sea level rise
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AMOCMIP

* Model Inter-comparison Project assessing eftect of
warming and Grls melting on AMOC

e Use realistic GrlS melt rates and distributions

* 8 international modeling groups
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GrlS meltwater fluxes calculated in 8 drainage basins ...
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. based on mid-tropospheric air temperature relationships

from high-res, regional climate model (RACMO?2)
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Cummulative GrlS runoff anomaly (Sv)
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GrlS freshwater forcing
(surface melt only)

from CMIP5 ensemble (uncertainty
used in probabilistic projections
shown later)

calving changes not included
RCP4.5: 0-0.015 Sv

RCP8.5: 0-0.1 Sv

much less than assumed by Hansen
et al. (2016; 1-4 Sv)

added to two ‘baselines’:

« GCM (gGriSmelt)

« RCM + obs calving (rGrlSmelt)
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AMOC 26°N (5v)

AMQC 26°N change (%)

25

20

N
o

o
o

m
o

o
=)

T &
s s a \ chuorvabion.
X )
o %
OO
5 YR
\4‘ 9
L\‘.j LY s
o !
\ M\C ")
a3
% .“’v..
" 5 .
"
ety )
L) Y
Lo \§
N 1
‘."‘\n,_ 4./‘\— e’ '}_\
- ——t N
\'\-AH."-OL'(Q’. 7 R
2
p* {
e
';t.\.,_
T 'l:
\-’:«

reans=|L

uGriSimelt
"""Vu\ rorisme't
[}
\\ - M IEFSSI
Py N\ — Cun=SM2
[ 7S50 ———CCSM4
o | CESML.0

Lo, GHO FsMamb

e LAY ———insL oMSA LR
v L ED, e— MIROCEM
-V LA P 1, '.\\' e

\\> WY CsuUvVic
1 . B
- " R} ‘ '}. -\ AR

o A

I",_‘.
1\‘
. 6‘
v
%
¥
\ X
% L
Yol
(RN
L
W
L AN
A
-\ -
WA
by
LS
NN
<
<.

0 1 1 1 1
1950 2050 2150 2250

Year AD

1950 2050 2150 2250
Year AD

8/17

AMOCMIP Results

RCP4.5: AMOC slowdown
until 2100, then stabilization /
recovery

RCP8.5: continued and large
slowdown until 2300

GrlS effects AMOC
Additional reduction in RCP4.5

Not much effect in RCP8.5



Box model emulator used for probabilistic projections
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Uncertainties Included

Greenhouse gas concentration changes

Climate sensitivity including regional temperature
changes (e.g. polar amplification, spatial
correlations considered)

GrlS mass loss

AMOC sensitivity to climate and GrlS
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red: GCM

thin lines: Emulator

Emulator fits most
GCMs & scenarios
well

error = 1-2 Sv
(considered in
uncertainty
estimate)
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Year AD



Regional temperature anomaly (K)
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Regional temperature forcing from CMIPS
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AMOC 26°N change (%)

RCP4.5 13/17

AMOC 26°N change (%)
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Probabilistic Projections Results

AMOC 26°N change (%)
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Conclusions

« AMOC response depends strongly on forcing
» RCP4.5 reduction, stabilization

 RCP8.5 no stabilization, significant collapse
probability

o (GrlS effects significant but not dominant

Bakker et al. (in review) Fate of Atlantic Meridional Overturning Circulation
— Strong decline under continued warming and Greenland melting,
Geophysical Research Letters



Future Work

Consider freshwater fluxes from Antarctica
Explore different emulators
Extend projections beyond 2300

Assess impacts (e.g. on ecosystems,
biogeochemistry, carbon cycle)
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Encore: calving eftects

Upcoming Nature paper:

dui:10.103E8/nalure20582

Centennial-scale Holocene climate variations
amplified by Antarctic Ice Sheet discharge

Pepijn Bakker't, Peter U. Clark!, Nicholas R. Golledge*?, Andrecas Schmittner' & Michacl E. Weber*?



Eftects of Calving

== (Climate change including GrlS
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ACCESS1.0 2006 | 2300 2300 | 2100 |2300 |2300 |Freshwater | 1x1x50levs 1.875x1.25x38le | Dix etal, 2013
VS
CanESM2 2006 |2300 2300 |2300 | 2100 |2195 (2160 |Negative 1.41x 0.94x40levs | T63x35levs Yang and Saenko.
salt flux 2012
ccsM4 2006 |2300 12250 |2250 |2300 |2300 |2300 |Negative |1.11x0.27-0.54x60 | 0.9x125x26levs |Meehl etal 2012
salt flux
CESM1.1.2 2006 2200 | 2200 Negative 1.11x0.27-0.54x60 | 0.9x1.25x30levs | Meehl et al. 2013
salt flux
GFDL-ESM2Mb | 2006 |2100 | 2100 2100 | 2100 Freshwater | 1x(1-1/3)x50levs 2x2 5x24levs Dunne et al . 2012
IPSL-CMSA-LR | 2006 | 2300 |2300 Freshwater | 2x2x31levs 1.9x3.75x39levs | Duffesne et al.
2013
MIROC4m 2006 | 2300 2300 |2300 |2300 |2300 (2300 |Freshwater |0.5-14x14x44levs | T42x20levs Hasumu and Emon.
2004
OSUVic 2006 |2300 |2300 [2300 |2300 |2300 Negative | 1.8x3 6x19lev T42x10levs Schmittner et al .
salt flux 2011




